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Figure 2.19. Small motion tracking system.

2.1.11 Non Commercially Available Devices

Pugach et al. designed an artificial skin material as a user intention recognition device

to control the robotic arm, as shown in Figure 2.20, which is quite interesting and new.

However, the control was limited to only joint level operation [25].

Figure 2.20. Artificial skin interface.

There are different research groups developed many customized user input devices and

control strategies to perform teleoperated robotic surgery [26, 27, 28].
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2.2 Commercial Robotic Arms

Robotic arms are most widely used in the car manufacturing industries due to the repet-

itive, hazardous and heavy payload tasks needed[29]. Figure 2.21 shows automobile welding

task performed by multiple robotic arms[30]. It frees humans from high voltage, high heat

environments, and potential eyesight damages.

Figure 2.21. Robotic arms performing welding tasks.

Robotic arms are also very useful in painting tasks. Figure 2.22 shows multiple robotic

arms work together to paint cars efficiently and safely, so humans do not need to work in a

toxic environment.

Figure 2.22. Robotic arms performing painting tasks.

Yaskawa designed a precise dual-arm robot, Motoman, for assembly and handling tasks

[31]. Figure 2.23 shows the robotic arms working in a biochemistry laboratory and preparing
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the solution for the experiment. It saves time for technicians from these tedious and repetitive

laboratory preparation tasks [32].

Figure 2.23. Robotic arms performing laboratory tasks.

Nowadays, robotic arm manufacturing companies start releasing many light-weight, trans-

portable, and low-cost robotic arms for small businesses. Many researchers also use these

robotic arms for academic research purposes. One of the most widely used robotic arms

in research is Baxter from Rethink Robotics, as shown in figure 2.24. It is a dual-arm

robot, both arms have 7 DoF configuration, so researchers can apply redundant control on

this robot [33]. The built-in dual-arm self-collision avoidance protection makes it best fit

for dual-arm collaboration tasks compared to using two separate single-arm setup[33, 34].

Many researchers used the Baxter robotic arm in their user interfaces due to the flexibility

and efficient programming capability [35, 36]. Compared to another widely used research

robot, ABB Yumi dual-arm, Baxter has a larger working space but less accuracy and motion

smoothness.[37].
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Figure 2.24. The robot Baxter from Rethink Robotics.

UR5, from Universal Robotics, is also a popular robotic arm used in research areas, as

shown in figure 2.25. It has six precise joints and a small body design. Fang et al. utilized

it to design a teleoperation system using a wearable EMG device [38]. Omarali et al. used

the UR5 robotic arm to mimic the human upper limb motion [39].

Figure 2.25. UR5 robotic arm from Universal Robtics.

Kuka LBR iiwa is a widely used single arm 7 DoF robot [40, 41, 42]. It provides high

torque, precise, and compact design. Due to the high power density characteristics, many
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